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INTRODUCTION AND SUMMARY

PURPOSE OF REPORT AND STUDY OBJECTIVES

This report presents the results of a traffic impact study for a Murphy Oil gasoline station on the southwest
corner of Warrenton Road and Cardinal Forest Drive in Stafford County, Virginia.  The gasoline station
consists of 16 fueling positions and a convenience store with 1,200 square feet of gross floor area. The
parcel of land that will contain the gasoline station has vacant land to the west, which will contain future
development.

A previous traffic impact study1 was prepared for an approved grocery store, on an adjacent parcel, and
the gasoline station. The traffic study was reviewed by VDOT, and much of the data and trip generation
produced through that study were repurposed for the analysis documented in this report. Due to the
presence of vacant land on the parcel to contain the gasoline station, a new traffic study that includes
future development was prepared.

The exact use is unknown at this time. However, a 3,300 square foot fast food restaurant with drive-
through was assumed in order to establish a conservative estimate for trip generation. Most other land
uses that would be appropriate for this location would generate fewer trips than a fast food restaurant with
drive-through. Just north of the property is the approved grocery store that will consist of 36,170 square
feet of gross floor area and will be located along the west side of Warrenton Road (US Route 17)
opposite Cardinal Forest Drive. All three land uses mentioned were incorporated in the analysis for this
study.

This report describes the area transportation system, existing traffic volumes and intersection analysis,
the calculation of background traffic volumes, which includes the previously approved grocery store and
gas station, and analysis for the build-out year of 2018, additional traffic generated by the potential
development of the fast food restaurant, and the calculation of total future volumes and analysis.  Since
this site is adjacent to the proposed grocery store and will be served by the same intersection with
Warrenton Road, it was agreed during the scoping that the gas station and fast food restaurant, and the
grocery store projects will be included in this traffic study.  At the project scoping meeting with
representatives from the Virginia Department of Transportation (VDOT) and Stafford County, it was
determined that intersection capacity and queueing analyses be performed during AM and PM commuter
peak hours and the Saturday midday peak hour at the identified study intersection.  It was also
determined that a left-turn phasing study should be performed to determine the most appropriate phasing
along Warrenton Road under build-out year traffic conditions. The previously prepared study resulted in
the split phase operation of the east and west movements of the study area intersection. The analyses
will be based on development of the grocery store, the gasoline station, and the fast food restaurant.

This report utilized the trip generation and distributions from the December 2015 study. Trip assignment
has been modified for this report with the addition of a right-in-right-out driveway on the south side of the
gas station parcel. The geometry and signal timing of the study intersection for total future conditions in

1 Proposed Grocery Store on Warrenton Road, Stafford County, Virginia, Traffic  Impact Study, Kimley-Horn,
December 9, 2015
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the December study were carried through as the background conditions of this study. This is because the
grocery store and gas station are now approved from a traffic stand point, and this study is evaluating the
impact of the third potential land use, fast food restaurant. The only change from total future conditions of
the December study to the background conditions of this study was the addition of the right-in-right-out
driveway and associated reassignment of the grocery store and gas station trips.

The following traffic study was prepared in accordance with a scoping agreement with VDOT and Stafford
County.  This study complies with the VDOT Traffic Impact Analysis Regulations 24 VAC 30-155 under
Chapter 870 of the 2011 Code of Virginia.

EXECUTIVE SUMMARY

SITE LOCATION AND STUDY AREA

The gasoline station and proposed fast food parcel is located in the southwest quadrant of Warrenton
Road and Cardinal Forest Drive in Stafford County, Virginia.  The study area is bounded to the north by
the parcel that has been approved for the future grocery store, and to the south by a forested area. The
site location is shown in Figure 1.  The intersection of Warrenton Road and Cardinal Forest Drive was
identified for study during the scoping meeting.  This traffic impact analysis will consider the approved
grocery store to be located to the north, and the gasoline station, as part of the background, and the
proposed fast food restaurant as total future development.

DESCRIPTION OF THE PROPOSED DEVELOPMENT

The gasoline station will consist of 16 fueling positions and a 1,200 square foot convenience store on the
eastern part of the parcel. The proposed fast food restaurant, which was selected solely for the purpose
of conservative trip generation, is located on the west end of the parcel.  Total trip generation for these
two land uses is shown in Table 1.

Table 1: Proposed Site Trip Generation

Land Use
AM PM SAT Daily

In Out Total In Out Total In Out Total Total
16 Fueling Position Gasoline Station
with Convenience Market – LU Code
9451

82 81 163 108 108 216 152 151 303 2,604

Internal Capture (5%) -4 -4 -8 -5 -6 -11 -8 -7 -15
Subtotal 78 77 155 103 102 205 144 144 288
Pass-By Trips

-48 -48 -96 -58 -57 -115 -85 -85 -170
(AM – 62%, PM – 56%, SAT – 59%)
Total Gasoline Station with
Convenience Market Site Generated
Primary Trips

30 29 59 45 45 90 59 59 118

3,300 SF Fast-Food Restaurant with
Drive-Through – LU Code 9343 76 74 150 56 52 108 99 96 195 1,637

Internal Capture (5%) -4 -4 -8 -3 -2 -5 -5 -5 -10
Subtotal 72 70 142 53 50 103 94 91 185
Pass-By Trips

-35 -35 -70 -26 -26 -52 -45 -46 -91
(AM – 49%, PM – 50%, SAT – 49%)
Total Fast-Food Restaurant with Drive-
Through Site Generated Primary Trips 37 35 72 27 24 51 49 45 94

Total Site Generated Trips before Pass-
by Adjustment 150 147 297 156 152 308 238 235 473

Total Site Generated Primary Trips 67 64 131 72 69 141 108 104 212 4,241
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The approved 36,170 square foot grocery store, to be included in this study, will occupy the adjacent
parcel to the north. Vehicle access will be provided to all developments via a proposed driveway opposite
Cardinal Forest Drive to be controlled by the existing traffic signal.  The proposed driveway will be the
fourth leg of the intersection. Additionally, a right-in-right-out driveway will be provided on the southern
edge of the parcel that will contain the gasoline station and proposed fast-food restaurant.

PRINCIPAL FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS

As a result of this study, it is concluded that the local roadway system will be able to accommodate the
gasoline station, proposed fast food restaurant, and grocery store with signal timing optimization at the
Warrenton Road and Cardinal Forest Drive intersection based on the introduction of the fourth leg.
Following an analysis of conditions at the study intersection, no changes are recommended for the
existing protected left turn phasing type along Warrenton Road. It is recommended that the minor
approaches to the intersection operate under split phasing.

The study intersection will operate at LOS C or better in the 2018 total future scenario, and storage
lengths for left turns provided at the intersection will accommodate 95 th percentile queues with one
exception.  The exception is the northbound left turn lane along Warrenton Road in which the Saturday
midday 95th percentile queue will exceed the available effective storage length by 155 feet. This turn lane
should be extended to have an effective storage length of 460 feet in order to accommodate anticipated
queueing in the midday Saturday peak hour. This condition, however, is only present with the inclusion of
the fast food restaurant land use. Should a land use with lesser trip generation be implemented, this
queue length may be reduced.
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BACKGROUND INFORMATION

FUTURE TRANSPORTATION IMPROVEMENTS

Currently there are no programmed roadway improvements within the study area.

DESCRIPTION OF ONSITE DEVELOPMENT

The property proposed for development is located along Warrenton Road in Stafford County, Virginia.
The parcel is located in the southwest quadrant of the intersection at Warrenton Road (US Route 17) and
Cardinal Forest Drive.  The study area is bounded to the southwest by a forested area, and to the
northwest by existing development which is proposed to be replaced by a grocery store. The site location
is shown in Figure 1. The site plan is attached in Appendix A.

The proposed fast food restaurant will consist of 3,300 square feet of gross floor area. The gasoline
station will consist of 16 fueling positions and a 1,200 square foot convenience store.  The grocery store,
on the adjacent parcel, will contain 36,170 square feet of gross floor area. Vehicle access will be provided
to all developments via a proposed driveway opposite Cardinal Forest Drive to be controlled by the
existing signal.  The driveway will be the fourth leg of the intersection. Additionally, a right-in-right-out
driveway will be provided along Warrenton Road, on the southern edge of the parcel that will contain the
gasoline station and proposed fast-food restaurant.

The intersection of Warrenton Road and Cardinal Forest Drive was identified for study.  Intersection
capacity and queueing analyses were performed for weekday AM and PM and Saturday midday peak
hours.  These parameters were documented in the Post-Scope of Work Meeting Form, included in
Appendix B.
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EXISTING AREA ROADWAYS

Key roadways in the study area are Warrenton Road and Cardinal Forest Drive.

Warrenton Road (U.S. Route 17) - This is a four-lane divided principal arterial roadway that runs
northwest-southeast through the study area.  For the purpose of this study, this roadway is oriented north-
south. To the south, Warrenton Road passes through an interchange with Interstate 95 en route to
Falmouth.  To the north, Warrenton Road continues toward the towns of Hartwood and Storck.  The
speed limit in the study area is 45 mph.

Cardinal Forest Drive - This is a local roadway that enters the study area from the northeast and
terminates at Warrenton Road.  For the purpose of this study, this roadway is oriented east-west.  It has a
two-lane cross section and includes turn lanes at its approach to Warrenton Road.  To the east of
Warrenton Road, Cardinal Forest Drive passes through a residential community before terminating at
Norfolk Street near Truslow Road.  The speed limit is 25 mph.

The proposed driveway along the west side of Warrenton Road will connect the gasoline station, the fast
food restaurant, and grocery store opposite Cardinal Forest Drive.

Figure 2 shows the lane designations at the study intersection.

EXISTING AREA TRANSIT SERVICE

No transit service exists within the study area.
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ANALYSIS OF EXISTING CONDITIONS

ANALYSIS METHODOLOGY

VDOT and Stafford County directed that intersection capacity analyses be performed for existing,
background, and total future traffic volumes for the study area intersection.  The analyses were performed
using the Synchro Software Package (Version 9), which utilizes methodologies contained in the Highway
Capacity Manual (2000 Edition) for signalized and unsignalized intersections.  According to the HCM,
capacity is defined as the maximum number of vehicles that can pass over a particular road segment or
through a particular intersection within a fixed time duration.  The capacity is described by Level of
Service (LOS) to indicate the operating characteristics of a road segment or intersection.  LOS is defined
as a qualitative measure that describes operational conditions and motorist perceptions within a traffic
stream.  The Highway Capacity Manual defines six levels of service, LOS A through LOS F, with A
corresponding to the lowest levels of delay and F corresponding to the highest levels of delay.

The ranges of delay for each level of service are shown in Table 2, below.

Table 2: Level of Service Range of Delay

Level of Service (LOS)
Delay per Vehicle (seconds per vehicle)

Signalized Intersections Unsignalized Intersections

A ≤ 10 ≤ 10

B > 10 -20 > 10 -15

C > 20 –  35 > 15 – 25

D > 35 –  55 > 25 –  35

E > 55 –  80 > 35 – 50

F > 80 > 50

The study intersection is signalized and maintained by VDOT.  Existing signal timings were provided by
VDOT, and these timings were used for existing analysis. With the installation of a fourth leg of the
intersection as a result of the grocery store, gasoline station, and fast food restaurant, signal timings and
phasing order were modified for background and total future traffic analyses.  Since the study intersection
had a signal timing plan coordinated with adjacent signals on Warrenton Road, the existing cycle lengths
were maintained so as not to significantly impact traffic progression along the roadway.
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EXISTING TRAFFIC VOLUMES

Traffic volumes used in this study include existing traffic volumes, background traffic volumes, and total
future traffic volumes.  VDOT and Stafford County staff directed that the AM and PM commuter peak
hours, as well as the Saturday midday peak hour, be analyzed for the study intersection of Warrenton
Road and Cardinal Forest Drive.

Vehicle turning movement counts were collected on Tuesday, July 14, 2015 and on Saturday, July 11,
2015.  Due to seasonal variation in traffic patterns, these counts were multiplied by day-of-week
adjustment factors from July 2014 in order to more accurately reflect typical traffic conditions. Adjustment
factors of 1.03 during the weekday peak hours and 0.66 during the Saturday peak hour were used to
normalize the count volumes.  These factors were based on data from the VDOT-operated permanent
count station along Warrenton Road.  A description of the count station, a copy of the July 2014 factors,
sample calculations, and email correspondence concerning the data source are contained in Appendix D.

For the purposes of this study, the normalized traffic counts will represent existing 2015 conditions.  Study
peak hours were established by identifying the peak 60 minutes of vehicle traffic during each count
period.  The peak hours were determined to be 7:45 to 8:45 AM and 4:30 to 5:30 PM for the weekday AM
and PM peak periods, and 12:30 to 1:30 PM for the Saturday peak period.  The existing peak hour traffic
volumes are shown at the study intersection in Figure 3. Full traffic count data is included as Appendix C.
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ANALYSIS OF EXISTING CONDITIONS

The existing conditions analyses were based on the existing traffic volumes and existing lane uses and
traffic controls at the study area intersection.  The existing peak hour factors by movement were
calculated and used for this analysis.  Mainline heavy vehicle percentages for Warrenton Road were
calculated from the count data; for all other movements, a minimum heavy vehicle percentage of 2% was
used.

The results of the intersection capacity analyses are summarized in Table 3.  Analysis results show
overall level of service and corresponding delay information for each intersection movement, approach,
and the overall intersection.  The Synchro analysis worksheets are contained in Appendix E.

Table 3: Summary of 2015 Existing Intersection Capacity Analysis Results
 Level of Service (Delay, Seconds per Vehicle)

Intersection Existing

Approach Movement AM PM SAT

1. Warrenton Road and Cardinal Forest Drive/Commercial Driveway

Northbound (Warrenton Road)

U E (55.5) F (88.2) E (63.9)

T B (11.8) B (17.4) B (19.1)

R A (8.5) A (8.0) C (21.7)

Overall B (12.1) B (17.3) B (19.4)

Southbound (Warrenton Road)

L D (54.7) E (64.2) E (78.9)

TR A (2.6) A (2.5) A (2.8)

Overall A (2.7) A (4.3) A (5.2)

Eastbound (Future Commercial
Driveway)

L

TR

Overall

Westbound (Cardinal Forest Drive)

L E (63.8) E (74.3) E (75.9)

R  E (60.4) E (71.6) E (73.2)

Overall E (63.1) E (73.2) E (74.7)

Overall Intersection A (8.0) B (12.4) B (13.7)

Under existing conditions, the study intersection operates at a level of service B or better in the weekday
AM and PM, and Saturday midday peak hours. The intersection movements with relatively small volumes
(movements from Cardinal Forest Drive and U-turn and left turn movements along Warrenton Road) have
LOS D, E, or F in order to provide adequate green time to the major north-south through movements
along Warrenton Road, which account for over 95 percent of the total volume through the intersection.
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ANALYSIS OF 2018 FUTURE CONDITIONS WITHOUT DEVELOPMENT

BACKGROUND TRAFFIC VOLUMES

Background traffic volumes represent future traffic that would travel through the area intersection without
the proposed development.  The background traffic volumes were developed by applying an annual
growth rate of 2 percent per year to the existing volumes at the study intersection.  This figure was agreed
upon in the scoping meeting with VDOT and Stafford County.  Figure 4 shows the 2018 base peak hour
traffic volumes, which represent the existing traffic volumes increased by the annual traffic growth factor
to the year 2018.

The aforementioned grocery store, which is undergoing approval through the application associated with
the December traffic study, and the gasoline station, which was included in the traffic study, were
incorporated into the background conditions for analysis. The trip generation for these two land uses were
calculated in the December 9, 2015 traffic study, and are shown in Tables 4 and 4.

Table 4: Background Trip Generation:  Grocery Store (Built by Others)

Land Use
AM PM SAT Daily

In Out Total In Out Total In Out Total Total

36,170 SF Supermarket – LU Code 8501 76 47 123 175 168 343 258 247 505 3,698

Internal Capture (5%) -4 -2 -6 -9 -8 -17 -12 -13 -25

Subtotal 72 45 117 166 160 326 246 234 480
Pass-By Trips
(AM – 0%, PM – 36%, SAT – 0%)

0 0 0 -60 -58 -118 0 0 0

Total Supermarket Site Generated
Primary Trips

72 45 117 106 102 208 246 234 480

1Trip generation for LUC 850 was calculated using the average rate for the weekday peak hours and the fitted curve equation for
the Saturday peak hour.

Table 5: Proposed Site Trip Generation:  Murphy Express – Warrenton Road

Land Use
AM PM SAT Daily

In Out Total In Out Total In Out Total Total

16 Fueling Position Gasoline Station with
Convenience Market – LU Code 9451

82 81 163 108 108 216 152 151 303 2,604

Internal Capture (5%) -4 -4 -8 -5 -6 -11 -8 -7 -15

Subtotal 78 77 155 103 102 205 144 144 288
Pass-By Trips
(AM – 62%, PM – 56%, SAT – 59%)

-48 -48 -96 -58 -57 -115 -85 -85 -170

Total Gasoline Station with Convenience
Market Site Generated Primary Trips

30 29 59 45 45 90 59 59 118

1Trip generation for LUC 945 was calculated using the average rate.  Because Saturday peak hour data is not available for LUC
945, Saturday trips were calculated based on the ratio of Saturday to PM peak hour trips for the related LUC 946
(Gasoline/Service Station with Convenience Market and Car Wash).  This is a factor of 1.4.

These trips were assigned to the study area intersection, using the trip distributions shown in Figures 5
and 6. These assignments include the presence of the right-in-right-out driveway on the southern edge of
the parcel. The resulting net trip assignments for both uses are shown in Figure 7. Full trip assignment
details, including primary, pass-by, and net total trips, for each separate land use can be found in
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Appendix G. These trips were then added to the 2018 base peak hour traffic volumes to obtain 2018
background peak hour traffic volumes, which are shown in Figure 8.

ANALYSIS OF 2018 BACKGROUND CONDITIONS

The traffic study submitted for the grocery store, which also incorporated the gasoline station, determined
that split phased timing for the minor street movements of the study area intersection would serve the
traffic and physical geometry of the intersection. The timings used in the total future conditions of the
grocery story study were carried through for the 2018 background conditions of this traffic impact study.

The results of the intersection capacity analyses for the year 2018 are summarized in Table 6.  Also
shown on this table are the existing conditions results.  Analysis results show overall level of service and
delay information for each intersection for the background traffic volumes.  The Synchro analysis
worksheets are contained in Appendix E.

Table 6:  Summary of Intersection Capacity Analysis Results
Level of Service (Delay, Seconds per Vehicle)

Intersection Existing (2015) Background (2018)
Approach Movement AM PM SAT AM PM SAT

1. Warrenton Road and Cardinal Forest Drive/Commercial Driveway

Northbound
(Warrenton Road)

U/L E (55.5) F (88.2) E (63.9) D (52.7) E (68.1) E (65.8)
T B (11.8) B (17.4) B (19.1) B (16.0) B (19.6) B (12.5)

R A (8.5) A (8.0) C (21.7) A (5.9) A (8.4) A (8.8)
Overall B (12.1) B (17.3) B (19.4) B (19.7) C (24.2) C (25.3)

Southbound
(Warrenton Road)

L D (54.7) E (64.2) E (78.9) D (53.9) E (66.4) E (68.2)
TR A (2.6) A (2.5) A (2.8)  -  -  -

T (Future) - - - A (6.0) B (14.9) C (21.5)

R (Future) - - - A (4.5) A (0.1) A (1.6)
Overall A (2.7) A (4.3) A (5.2) A (6.0) B (15.4) C (20.2)

Eastbound
(Commercial
Driveway)

LT - - - E (65.8) E (74.1) E (79.3)
R - - - D (49.1) D (45.7) D (35.6)

Overall - - - E (58.4) E (60.7) E (55.9)

Westbound
(Cardinal Forest
Drive)

LT E (63.8) E (74.3) E (75.9) E (65.6) E (78.1) E (79.7)
R  E (60.4) E (71.6) E (73.2) D (62.1) E (73.4) E (73.7)

Overall E (63.1) E (73.2) E (74.7) E (64.8) E (76.7) E (78.1)
Overall Intersection A (8.0) B (12.4) B (13.7) B (14.1) C (23.6) C (27.8)

Under background conditions in 2018, the study intersection operates at a level of service C or better in
the weekday AM and PM and Saturday midday peak hours.  The overall level of service for each
approach is maintained from existing to background conditions, with the exception of the following:

· Northbound approach operations change from LOS B to LOS C in the PM and Saturday midday
peak hours.

· Southbound approach operations change from LOS A in the PM and Saturday midday peak
hours to LOS B in the PM peak hour, and LOS C in the Saturday midday peak hour.
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SITE TRIP GENERATION

Trips generated by the proposed fast food restaurant were estimated based on the Institute of
Transportation Engineers (ITE) Trip Generation Manual, 9 th Edition.  Land Use Code 934 (Fast-Food
Restaurant with Drive-Through) was applied for the fast food land use.  Average rates were used to
calculate trip generation estimates for all peak hour scenarios.

An internal capture trip reduction of 5 percent was applied. The internal capture trips represent patrons
who would already be visiting the Walmart Supercenter, the grocery store, or the gas station and would
patronize the fast food restaurant.  Furthermore, a pass-by trip reduction of 49 percent during the AM
peak hour, 50 percent during the PM peak hour, and 49 percent during the Saturday peak hour was
applied to trips generated by the fast food restaurant.  Pass-by trips represent restaurant patrons who
would already be travelling along Warrenton Road and would make an intermediate stop at the proposed
development en route to another destination.  The use of the pass-by factor does not reduce the number
of site trips at the study intersection.  This is due to the study intersection serving as the driveway access
to the fast food restaurant.  The pass-by factors only affect the directionality of inbound and outbound
trips.  The internal capture and pass-by rates were agreed upon during the scoping process with VDOT
and Stafford County.

A summary of the peak hour and daily trip generation is shown in Table 7.

Table 7: Proposed Site Trip Generation:  Fast Food Restaurant – Warrenton Road

Land Use
AM PM SAT Daily

In Out Total In Out Total In Out Total Total

3,300 SF Fast-Food Restaurant with
Drive-Through – LU Code 9341 76 74 150 56 52 108 99 96 195 1,637

Internal Capture (5%) -4 -4 -8 -3 -2 -5 -5 -5 -10

Subtotal 72 70 142 53 50 103 94 91 185

Pass-By Trips
-35 -35 -70 -26 -26 -52 -45 -46 -91

(AM – 49%, PM – 50%, SAT – 49%)
Total Fast-Food Restaurant with
Drive-Through Site Generated
Primary Trips

37 35 72 27 24 51 49 45 94

1Trip generation for LUC 934 was calculated using the average rate.
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SITE TRAFFIC DISTRIBUTION AND ASSIGNMENT

Site generated trips were assigned to the study area intersections based on a review of the density of
development in areas surrounding the property.  The distributions are summarized in Table 8.  They are
shown on the area road network in Figure 9.  These distributions were reviewed and agreed to in the
scoping process with VDOT and Stafford County.

Table 8: Directional Distribution of Site Generated Traffic

Direction To/From Percentage

To/From North on Warrenton Road 20%

To/From South on Warrenton Road 70%

To/From East on Cardinal Forest Drive 5%

To/From West on Village Parkway (via Walmart back entrance)* 5%
* The 5% to/from West represents the proportion of trips coming from University
Boulevard and other points south.  This figure is distinct from the 5% internal capture rate.

Traffic entering the site from Village Parkway via the Walmart back entrance would not pass through the
study intersection, so the associated traffic volumes were not factored into the capacity analyses at the
study intersection.  Pass-by trips were routed from the north and south along Warrenton Road according
to the proportion of existing traffic passing through each approach.

The assignments of trips generated by the proposed fast food restaurant are shown on Figures 10
through 12.  These figures show the assignment of primary site generated trips, pass-by trips, and total
site generated trips, respectively, to the fast food restaurant with the right-in-right-out driveway in place.
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ANALYSIS OF 2018 FUTURE CONDITIONS WITH DEVELOPMENT

INTERSECTION IMPROVEMENTS

As part of the proposed development of the fast food restaurant, grocery store and gasoline station, a
driveway will be provided opposite Cardinal Forest Drive.  The driveway will consist of a single lane
inbound from Warrenton Road and two lanes outbound approaching Warrenton Road.  The lane
designations for the exiting approach are proposed to consist of a shared through and left turn lane and a
separate right turn lane.  The existing Cardinal Forest Drive approach will be restriped so that there is a
shared through and left turn lane and a separate right turn lane.  Warrenton Road currently has two
through lanes in each direction in the study area.  Pavement is in place for a third southbound lane along
the retail property that contains the Wal-Mart.  This additional pavement terminates at the proposed
grocery store property.  With the development of the grocery store property, pavement will be provided for
two additional lanes along the property frontage.  One lane will be for the future third through lane and the
other will be for a future right turn lane into the proposed driveway.  Prior to the future widening of
Warrenton Road, one of the two added lanes along the grocery store frontage will serve as a right turn
lane into the driveway.  With the development of the gasoline station site, pavement for the third lane will
be provided along the property frontage.  Future lane designations and traffic control are shown in Figure
13.

Changes to existing signal timings at the intersection were required due to the addition of the fourth leg of
the intersection.  A left turn phase selection assessment was conducted in the December 2015 grocery
store TIA to determine the appropriate phasing treatments for the left turn movements at the study
intersection.  Currently, the northbound and southbound left turn movements are protected.  Due to the
45 mph speed limit and the phasing used at adjacent signals along Warrenton Road, it was
recommended that protected phasing be maintained.  Data that informed the phasing decision can be
referred to in Appendix G of that study.

Sight distance limitations precluded the possibility of concurrent phasing for the eastbound and
westbound approaches unless protected left turns were used.  The December study compared LOS and
queueing results for two phasing scenarios: one with concurrent protected left turn movements followed
by concurrent through-right movements of the eastbound and westbound approaches, and another with
split phasing of the eastbound and westbound approaches. As indicated by the lane designations in
Figure 13, the split phase operation was recommended.

Signal splits and offsets were optimized to achieve a balance between LOS and queue lengths for each
peak hour.  The existing cycle lengths and lead-lag phasing of the northbound and southbound left turn
movements were maintained.

TOTAL FUTURE TRAFFIC VOLUMES

Total future volumes represent future traffic volumes with the full build-out of the proposed fast food
restaurant.  This was calculated by adding the trips generated by the proposed development shown on
Figure 12 to the background traffic volumes shown on Figure 8.  Total future volumes were computed for
the build-out year of 2018.  The resulting 2018 total future traffic volumes at the study intersection are
shown on Figure 14.
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ANALYSIS OF 2018 TOTAL FUTURE CONDITIONS

Intersection capacity analyses were conducted for total future traffic volumes for the study area
intersection in the year 2018.  The total future conditions analyses were based on the total future traffic
volumes with future proposed lane designations and signal timing.  Peak hour factors and heavy vehicle
percentages were the same as those used in the background analyses.

A comparison of the intersection capacity analysis results for the year 2018 total future conditions are
summarized in Table 9.  Also shown are the 2018 background conditions results and 2015 existing
conditions results.  Analysis results show overall level of service and delay information for each
intersection.  The Synchro analysis worksheets are contained in Appendix E.

Under 2018 total future conditions, in either phasing scenario, the study intersection performs at LOS C or
better during all studied peak hours. All through movements along Warrenton Road continue to operate at
LOS B or better during all studied peak hours. In the total future scenario, all eastbound and westbound
movements perform at LOS D or better during all studied peak hours.

Table 9:  Summary of Intersection Capacity Analysis Results

Level of Service (Delay, Seconds per Vehicle)

Intersection Existing (2015) Background (2018) Total Future (2018)

Approach Movement AM PM SAT AM PM SAT AM PM SAT

1. Warrenton Road and Cardinal Forest Drive/Commercial Driveway

Northbound
(Warrenton Road)

U/L F (83.8) F (95.5) F (89.8) D (52.7) E (68.1) E (65.8) E (61.3) E (72.6) E (62.7)

T A (5.9) B (13.7) A (7.3) B (16.0) B (19.6) B (12.5) B (16.7) B (19.8) B (12.0)

R A (4.3) B (11.7) A (4.9) A (5.9) A (8.4) A (8.8) A (6.4) A (8.6) A (8.4)

Overall A (6.5) B (14.0) A (7.6) B (19.7) C (24.2) C (25.3) C (23.1) C (25.9) C (22.3)

Southbound
(Warrenton Road)

L E (69.1) E (71.0) E (70.5) D (53.9) E (66.4) E (68.2) D (53.6) E (66.3) E (68.2)

TR A (6.5) A (5.5) A (3.8)  -  -  -  -  -  -

T (Future) - - - A (6.0) B (14.9) C (21.5) A (6.5) B (15.9) B (18.3)

R (Future) - - - A (4.5) A (0.1) A (1.6) A (0.7) A (0.1) A (1.5)

Overall A (6.7) A (7.5) A (5.9) A (6.0) B (15.4) C (20.2) A (6.2) B (16.0) B (17.9)

Eastbound
(Commercial
Driveway)

LT - - - E (65.8) E (74.1) E (79.3) E (67.9) E (78.3) E (73.7)

R - - - D (49.1) D (45.7) D (35.6) D (46.9) D (43.6) D (38.9)

Overall - - - E (58.4) E (60.7) E (55.9) E (58.1) E (62.3) D (54.3)

Westbound (Cardinal
Forest Drive)

LT E (67.2) E (77.8) F (80.3) E (65.6) E (78.1) E (79.7) E (65.8) E (79.3) E (77.6)

R E (62.3) E (73.5) E (75.1) D (62.1) E (73.4) E (73.7) E (62.0) E (73.8) E (73.0)

Overall E (66.2) E (76.0) E (78.0) E (64.8) E (76.7) E (78.1) E (65.0) E (77.7) E (76.3)

Overall Intersection A (9.1) A (8.2) B (12.1) B (14.1) C (23.6) C (27.8) B (16.5) C (22.2) C (24.6)
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QUEUING ANALYSIS

By request of VDOT and Stafford County staff, vehicle queue lengths were calculated for each of the
movements at the study intersection using SimTraffic 9.  Storage at the existing turn lanes was calculated
as directed in the Traffic Operations Analysis Tool Guidebook as the existing full-width storage length
plus half of the taper length.  Particular attention was paid to the northbound left turn lane along
Warrenton Road.  This left turn movement will accommodate approximately 70 percent of the proposed
development trips.

Vehicle queues were analyzed for existing, background, and total future conditions.  HCM methodology
was used in calculating the 95th percentile queue lengths for each approach, summarized in Table 10
below.  The complete queuing analysis results are contained in Appendix F.

Table 10: Summary of 95th Percentile Queuing Analysis Results
Queue Length (Feet)

Intersection Existing (2015) Background (2018) Total Future (2018)

Approach Storage1 AM PM SAT AM PM SAT AM PM SAT

1. Warrenton Road and Cardinal Forest Drive/Commercial Driveway

Northbound U-
Left 305 22 22 17 143 278 319 205 320 460

Northbound Thru 97 389 210 263 382 348 284 397 535
Northbound Right 190 11 89 22 6 93 31 6 89 10

Southbound Left 510 13 81 74 12 76 54 7 80 61

Southbound Thru-
Right 138 133 76 - -  -  -  - -

Southbound Thru
(Future) - - - 86 166 168 55 169 200

Southbound Right
(Future) - - - 9 19 20 11 18 40

Eastbound Left-
Through - - - 80 124 125 103 130 125

Eastbound Right 130 - - - 46 59 66 51 58 72

Westbound Left
(Left-Thru in
Future)

63 51 52 79 66 71 75 70 76

Westbound Right 26 31 29 21 28 23 21 21 23
1 Storage lengths given as estimated full width lane area based on aerial imagery from Google Earth

The queueing analysis shows that most existing turn lanes will accommodate 95 th percentile queue
lengths in all scenarios.  In the total future scenario, however, 95 th percentile queues for the northbound
left turn exceed existing available storage during the PM and Saturday peak hour.
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CONCLUSIONS AND RECOMMENDATIONS

MITIGATION AND IMPROVEMENTS

The traffic generated as a result of the proposed fast-food restaurant development will create vehicle
queues that exceed the existing storage length for the northbound left turn lane on Warrenton Road. In
the total future traffic scenario, the Saturday peak 95 th percentile queue length is 460 feet, which exceeds
the 305 feet of effective storage currently available. To mitigate the potential for queue spillback onto
through lanes along northbound Warrenton Road, this report recommends that the existing northbound
left turn lane be extended so that it has a storage bay length of 360 feet and taper length of 200 feet. This
modification would increase the effective storage of the turn lane to 460 feet, which would allow the turn
lane to fully contain 95th percentile queues for every peak period studied in the total future scenario. This
condition, however, is only applicable if the vacant land on the parcel is built out for fast-food restaurant
with drive-through. Should a use with lesser trip generation be implemented, this storage length may not
be necessary.

CONCLUSIONS

This study concludes that the local roadway system will be able to accommodate the proposed gasoline
station and fast food restaurant.

The study intersection will operate at LOS C or better in the 2018 total future scenario.  The existing turn
lanes at the intersection will accommodate the 95th percentile queues under all conditions with the
exception of the northbound left turn lane along Warrenton Road, which should be extended to have an
effective storage length of 460 feet in order to accommodate anticipated queueing in the midday Saturday
peak hour.  The proposed site driveway will accommodate all 95 th percentile queue lengths.
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Post-Scope of Work Meeting Form



It is important for the applicant to provide sufficient information to county and VDOT staff so that questions regarding 
geographic scope, alternate methodology, or other issues can be answered at the scoping meeting.  

PRE-SCOPE OF WORK MEETING FORM 

Information on the Project 
Traffic Impact Analysis Base Assumptions 

 

The applicant is responsible for entering the relevant information and submitting the form to VDOT and 
the locality no less than three (3) business days prior to the meeting.  If a form is not received by this 
deadline, the scope of work meeting may be postponed.   

 

Contact Information 

Consultant Name: 
 Tele: 
 E-mail: 

Edward Y. Papazian, P.E., Kimley-Horn & Associates, Inc.    

(703) 674-1307 

ed.papazian@kimley-horn.com 

Developer/Owner Name: 
 Tele: 
 E-mail: 

Trae Rushing, P.E., GreenbergFarrow  

(404) 601-4000 ext. 7320 

trushing@greenbergfarrow.com 

 

Project Information 

Project Name: Murphy Express - Warrenton Road 

Project Location:       
(Attach regional and site 
specific location map) 

Warrenton Road, Fredericksburg, VA 22406 

Project Description: 
Including type of application  
(rezoning, subdivision, site 
plan), acreage, business square 
ft, number of dwelling units, 
access location, etc.  Attach 
additional sheet if necessary) 

Rezoning application for the proposed development of a 1,200 square foot (16 feuling 

position) Murphy Express gas station and convenience store located along the south 

side of Warrenton Road (US Route 17) opposite Cardinal Forest Drive.  The site will 

be accessed via a proposed driveway opposite Cardinal Forest Drive to be incorporated 

with the existing signal and via the existing Holly Haven Drive to the east, which will 

be repurposed into a right-in/right-out driveway.  The traffic impact analysis will also 

consider a proposed Lidl grocery store (36,170 SF) to be located in the adjacent parcel 

to the west.  A traffic study dated December 9, 2015 was submitted and approved for 

the Lidl development.  Given the shared access at the signalized intersection, the 

previous study included the gas station trips in the analysis.  This study will therefore 

be similar, but will include the right-in/right-out driveway.  Additionally, the study will 

account for potential future development on the residual area of the Murphy property to 

the south.  In order to be conservative on the high side, a 3,300 square foot fast-food 

restaurant with drive-through will be tested.  The developments are shown in the 

included general development plan.  Note that an independent application for the 

grocery store has been submitted separately from the Murphy Express gas station/fast-

food restaurant. 

Locality/County: Stafford County 

Proposed Use: 
(Check all that apply; attach 
additional pages as necessary) 

Residential   Commercial   Mixed Use   Other   



It is important for the applicant to provide sufficient information to county and VDOT staff so that questions regarding 
geographic scope, alternate methodology, or other issues can be answered at the scoping meeting.  

 Residential # of Units:       
 

Commercial Use Sq Ft:  
- 16 Fueling Positions (gas station) 

- 36,170 SF (grocery store) 

- 3,300 SF (fast-food) 
 

 
ITE LU Code(s):      945 (Gasoline 

Station with Convenience Market) 
  850 (Supermarket) 

  934 (Fast-Food 

Restaurant with Drive-Through) 
                                

 

Mixed Use: 
# Res. Units:              

ITE LU Code(s):             
Commercial Use Sq Ft:        
ITE LU Code(s):       
  

Other:       
ITE LU Code(s):       
Sq Ft:        
 

 

 
Traffic Impact Analysis Assumptions 

Study Period 
Existing Year:  2015 

(date of existing 

counts) 
Build-out Year:  2018 Design Year:  N/A 

Study Area Boundaries 
(Attach map) 

North: Warrenton Road South: Wooded Area 

East: Warrenton Road/Wooded 

Area 
West: Walmart Supercenter Access Road 

External Factors That 
Could Affect Project 
(Planned road improvements,  
other nearby developments)  

The proposed Lidl grocery store to the west was approved on the condition of a number 

of roadway improvements: 

1. Adding pavement along the property frontage for two additional lanes (a future third 

through lane and right turn lane).   

2. Modification of the existing traffic signal at Warrenton Road and Cardinal Forest 

Drive to accommodate the fourth leg of the intersection.   

3. Extension of the northbound left turn lane along Warrenton Road. 

The responsibility for implementing these improvements will be shared between Lidl 

and Murphy Oil. 

Consistency With 
Comprehensive Plan 

The property is zoned B-2 (Urban Commercial).  A convenience store with fuel sales is 

allowed with a conditional use permit. 

Available Traffic Data 
(Historical, forecasts) 

Vehicle turning movement counts were collected for the previously approved Lidl 

development TIA in July of 2015.  Seasonal adjustment factors, calculated with data 

from the VDOT-operated permanent count station along Warrenton Road, were applied.  

Existing traffic counts were scaled by 1.03 in the weekday peak hours and 0.66 in the 

Saturday peak hour.  These volumes will be used for this study. 

Trip Distribution 
(Attach sketch) 

Road Name:  Warrenton Road N 20% S 70% E      % W      % 

 

Road Name:  Cardinal Forest 

Drive 
N      % S      % E 5% W      % 

Road Name:  Village Parkway 

(via the Walmart back entrance) 
N      % S      % E      % W 5% 



It is important for the applicant to provide sufficient information to county and VDOT staff so that questions regarding
geographic scope, alternate methodology, or other issues can be answered at the scoping meeting.

Road Name: N % S % E % W %

Annual Vehicle Trip
Growth Rate:

Peak Period for Study
(check all that apply)

 AM  PM  SAT

Study Intersections
and/or Road Segments
(Attach additional sheets as
necessary)

1.Warrenton Road & Cardinal
Forest Drive/Proposed Driveway 6.

2.Warrenton Road & Holly Haven
Drive (proposed right-in/right-out
driveway)

7.

3. 8.

4. 9.

5. 10.

Trip Adjustment Factors
Internal allowance:  Yes
No
Reduction: 5% trips

Pass-by allowance: Yes  No
Reduction: See Note 3% trips

Software Methodology  Synchro  HCS (v.2000/+)  aaSIDRA  CORSIM  Other

Traffic Signal Proposed
or Affected
(Analysis software to be used,
progression speed, cycle length)

The addition of the site driveway will add a fourth leg to the intersection at Warrenton
Road & Cardinal Forest Drive and thus will require a signal modification.  Synchro 9
software will be used to analyze this signal.  SimTraffic will be used in the event of
excessive queuing and congestion.

Improvement(s)
Assumed or to be
Considered

- Signal modification at Warrenton Road & Cardinal Forest Drive/ Proposed Site
Driveway.
-Northbound left turn lane to be extended along Warrenton Road to accommodate any
additional queueing generated by the proposed developments.
-Extension of southbound right turn lane and auxiliary lane from the existing right-
in/right-out driveay at the Walmart Supercenter to the signalized site driveway.
- Sidewalks will be constructed along the property frontage.

Background Traffic
Studies Considered No additional background developments have been identified.

Plan Submission  Master Development Plan (MDP)  Generalized Development Plan (GDP)
 Preliminary/Sketch Plan  Other Plan type (Final Site, Subd. Plan)

Additional Issues to be
addressed

 Queuing analysis  Actuation/Coordination  Weaving analysis
 Merge analysis  Bike/Ped Accommodations  Intersection(s)
 TDM Measures  Other



It is important for the applicant to provide sufficient information to county and VDOT staff so that questions regarding 
geographic scope, alternate methodology, or other issues can be answered at the scoping meeting.  

NOTES on ASSUMPTIONS: 1. Pass-by allowance percentages given as the average during the specified 

peak hour as listed in the ITE Trip Generation Handbook, 3rd Edition (pass-by data is unavailable for LUC 945 

and LUC 934 during the Saturday peak hour, therefore an average of the AM and PM weekday peak hours will 

be applied): LUC 945- 62% (AM), 56% (PM), 59% (SAT), LUC 850- 36% (PM), LUC 934 - 49% (AM), 50% 

(PM), 49% (SAT)  

 
SIGNED:  _________________________________  DATE: ______________ 
   Applicant or Consultant  

PRINT NAME:  _____________________________ 
   Applicant or Consultant 

 

 

 

 

 

 

 

 





Prepared by Kimley-Horn and Associates 
February 29, 2016 

Proposed Site Trip Generation:  Murphy Express – Warrenton Road 

Land Use 
AM PM SAT Daily 

In Out Total In Out Total In Out Total Total 

16 Fueling Position Gasoline Station with 
Convenience Market – LU Code 945 82 81 163 108 108 216 152 151 303 2,604 

Internal Capture (5%) -4 -4 -8 -5 -6 -11 -8 -7 -15  

Subtotal 78 77 155 103 102 205 144 144 288  

Pass-By Trips (AM – 62%, PM – 56%, SAT 
– 59%) -48 -48 -96 -58 -57 -115 -85 -85 -170  

Total Gasoline Station with Convenience 
Market Site Generated Primary Trips 30 29 59 45 45 90 59 59 118  

36,170 SF Supermarket – LU Code 850 76 47 123 175 168 343 258 247 505 3,698 

Internal Capture (5%) -4 -2 -6 -9 -8 -17 -12 -13 -25  

Subtotal 72 45 117 166 160 326 246 234 480  

Pass-By Trips (AM – 0%, PM – 36%, SAT – 
0%) 0 0 0 -60 -58 -118 0 0 0  

Total Supermarket Site Generated 
Primary Trips 72 45 117 106 102 208 246 234 480  

3,300 SF Fast-Food Restaurant with Drive-
Through – LU Code 934 76 74 150 56 52 108 99 96 195 1,637 

Internal Capture (5%) -4 -4 -8 -3 -2 -5 -5 -5 -10  

Subtotal 72 70 142 53 50 103 94 91 185  

Pass-By Trips (AM – 49%, PM – 50%, SAT 
– 49%) -35 -35 -70 -26 -26 -52 -45 -46 -91  

Total Fast-Food Restaurant with Drive-
Through Site Generated Primary Trips 37 35 72 27 24 51 49 45 94  

Total Site Generated Trips before 
Pass-by Adjustment 222 192 414 322 312 634 484 469 953  

Total Site Generated Primary Trips 139 109 248 178 171 349 354 338 692 7,939 

Trip generation for LUC 945 was calculated using the average rate.  Because Saturday peak hour data is not 

available for LUC 945, Saturday trips were calculated based on the ratio of Saturday to PM peak hour trips for the 

related LUC 946 (Gasoline/Service Station with Convenience Market and Car Wash).  This is a factor of 1.4. 

Trip generation for LUC 850 was calculated using the average rate for the weekday peak hours and the fitted curve 

equation for the Saturday peak hour.   

Trip generation for LUC 934 was calculated using the average rate. 
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APPENDIX C

Traffic Count Summaries
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Ì±¬¿´ Ê±´«³» ð ëè ð ëè ð ð ð ð ð íç ð íç ð ð ð ð çé
û ß°°ò Ì±¬¿´ ð ïðð ð ð ð ð ð ïðð ð ð ð ð

ÐØÚ òððð òèëí òððð òèëí òððð òððð òððð òððð òððð òêëð òððð òêëð òððð òððð òððð òððð òéëè

Ð»¹¹§ Ó¿´±²» ú ß±½·¿¬»ô ×²½ò
øèèè÷ îìéóèêðî



Ú·´» Ò¿³» æ Ý¿®¼·²¿´ Ú±®»¬ ¿²¼ É¿®®»²¬±² ÍßÌ 
Í·¬» Ý±¼» æ 
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Ù®±«° Ð®·²¬»¼ó Ý±³¾·²»¼
É¿®®»²¬±² Î¼ò

Í±«¬¸¾±«²¼
Ý¿®¼·²¿´ Ú±®»¬ Ü®ò
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É¿®®»²¬±² Î¼ò

Ò±®¬¸¾±«²¼ Û¿¬¾±«²¼
Í¬¿®¬ Ì·³» Î·¹ ¬̧ Ì¸®« Ô»º¬ Ð»¼ ß°°ò Ì±¬¿´ Î·¹ ¬̧ Ì¸®« Ô»º¬ Ð»¼ ß°°ò Ì±¬¿´ Î·¹ ¬̧ Ì¸®« Ô»º¬ Ð»¼ ß°°ò Ì±¬¿´ Î·¹ ¬̧ Ì¸®« Ô»º¬ Ð»¼ ß°°ò Ì±¬¿´ ×²¬ò Ì±¬¿´

ïïæðð ßÓ ð íïî îë ð ííé ì ð í ð é ç íïç ð ð íîè ð ð ð ð ð êéî
ïïæïë ßÓ ð íðè íî ð íìð í ð ì ð é ïë íëë ð ð íéð ð ð ð ð ð éïé
ïïæíð ßÓ ð íìé îë ð íéî í ð ì ð é ì íëè ð ð íêî ð ð ð ð ð éìï
ïïæìë ßÓ ð íìì îè ð íéî ì ð î ð ê ê íëè ð ð íêì ð ð ð ð ð éìî

Ì±¬¿´ ð ïíïï ïïð ð ïìîï ïì ð ïí ð îé íì ïíçð ð ð ïìîì ð ð ð ð ð îèéî
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ïîæïë ÐÓ ð ííì ïî ð íìê í ð í ð ê é íìè ï ð íëê ð ð ð ð ð éðè
ïîæíð ÐÓ ð íëé ïî ð íêç ï ð è ð ç ïì íçî ï ð ìðé ð ð ð ð ð éèë
ïîæìë ÐÓ ð ííç ê ð íìë ê ð ë ð ïï ê íçé ð ð ìðí ð ð ð ð ð éëç

Ì±¬¿´ ð ïíìè ëï ð ïíçç ïë ð îî ð íé íì ïìêë î ð ïëðï ð ð ð ï ï îçíè

ðïæðð ÐÓ ð ííç é ð íìê í ð ë ð è è íìê î ð íëê ð ð ð ð ð éïð
ðïæïë ÐÓ ð íêç è ð íéé ë ð í ð è ïî íèé î ð ìðï ð ð ð ð ð éèê
ðïæíð ÐÓ ð ííë ê ð íìï ì ð ë ð ç è íçï ï ð ìðð ð ð ð ð ð éëð
ðïæìë ÐÓ ð îçé ïð ð íðé í ð é ð ïð è íêð ð ð íêè ð ð ð ð ð êèë

Ì±¬¿´ ð ïíìð íï ð ïíéï ïë ð îð ð íë íê ïìèì ë ð ïëîë ð ð ð ð ð îçíï
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ß°°®½¸ û ð çëòì ìòê ð  ììòì ð ëëòê ð  îòí çéòë ðòî ð  ð ð ð ïðð  

Ì±¬¿´ û ð ìëòé îòî ð ìéòç ðòë ð ðòê ð ïòï ïòî ìçòê ðòï ð ëðòç ð ð ð ð ð
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Í±«¬¸¾±«²¼
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Ð»¿µ Ø±«® º±® Û²¬·®» ×²¬»®»½¬·±² Þ»¹·² ¿¬ ïîæíð ÐÓ

ïîæíð ÐÓ ð íëé ïî íêç ï ð è ç ïì íçî ï ìðé ð ð ð ð éèë
ïîæìë ÐÓ ð ííç ê íìë ê ð ë ïï ê íçé ð ìðí ð ð ð ð éëç
ðïæðð ÐÓ ð ííç é íìê í ð ë è è íìê î íëê ð ð ð ð éïð
ðïæïë ÐÓ ð íêç è íéé ë ð í è ïî íèé î ìðï ð ð ð ð éèê

Ì±¬¿´ Ê±´«³» ð ïìðì íí ïìíé ïë ð îï íê ìð ïëîî ë ïëêé ð ð ð ð íðìð
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ÐØÚ òððð òçëï òêèè òçëí òêîë òððð òêëê òèïè òéïì òçëè òêîë òçêí òððð òððð òððð òððð òçêé
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1

Frank, Kelley

From: Strong, Anna
Sent: Thursday, September 03, 2015 2:01 PM
To: Frank, Kelley
Subject: FW: Warrenton Road MGP Seasonal Adjustment Factor
Attachments: Link.csv; FactorValueSeasonal.csv

From: Schinkel, Thomas O. (VDOT) [mailto:Tom.Schinkel@VDOT.Virginia.gov]
Sent: Thursday, July 09, 2015 8:58 AM
To: Strong, Anna <Anna.Strong@kimley-horn.com>
Subject: RE: Warrenton Road MGP Seasonal Adjustment Factor

This file set has the traffic link location associated with your address and the combined month & day-of- week factor that
VDOT would use for a short-term count collected at your location.  Let me know if you have questions.

Tom

From: Anna.Strong@kimley-horn.com [mailto:Anna.Strong@kimley-horn.com]
Sent: Wednesday, July 08, 2015 5:04 PM
To: Schinkel, Thomas O. (VDOT)
Subject: Warrenton Road MGP Seasonal Adjustment Factor

Hello Tom,

Thank you for speaking with me on the phone earlier. The details of the project are below:

Developer: MGP Retail Consulting
Project Location: 1183 Warrenton Road, Fredericksburg, VA 22406
County: Stafford County
The count station is on US Route 17 (Warrenton Road)

Please let me know if you need anything else and thank you for all of your help!

Anna

Anna Strong, EIT
Kimley-Horn | 11400 Commerce Park Dr., Suite 400, Reston, VA 20191
Direct: (703) 674-1343 | Mobile: (586) 610-9572
Connect with us: Twitter | LinkedIn | Facebook | YouTube

Celebrating eight years as one of FORTUNE’s 100 Best Companies to Work For



Permanent Count Station Information

Link ID: 60118

Maintenance Jurisdiction: 89

Route Prefix: US

Route Number: 17

Route Alias: Warrenton Rd

Start Label: Urban Boundary; 89-1491 Cardinal
Forest Dr

Start Node: 709572

End Label: 89-655 Holly Corner Rd

End Node: 621290

Start Milepost: 184.73

End Milepost: 185.43

Functional Class: 2

Pavement: P

HPMS Designation: -1

NHS Designation: -1

Data Type: 4

Factor Group Number: 70268

July 2014 Seasonal Factor Values

FACTOR DATE YEAR MONTH DAY FACTOR VALUE
07/01/2014 2014  JULY 0.85191507
 07/01/2014 2014  JULY  SUN 0.81023663
 07/01/2014 2014  JULY  MON 0.95797348
07/01/2014 2014 JULY TUE 1.0255893

 07/01/2014 2014  JULY  WED 0.95103248
 07/01/2014 2014  JULY  THU 0.86420498
 07/01/2014 2014  JULY  FRI 0.6940601
 07/01/2014 2014  JULY  SAT 0.66030854

Sample Calculations

Southbound on Warrenton Road (Weekday AM Peak Hour):

Southbound on Warrenton Road (Saturday Peak Hour):
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HCM Signalized Intersection Capacity Analysis Existing 2015 - AM
1: Warrenton Rd (Rte.17) & Cardinal Forest Drive 11/22/2015

Proposed Grocery Store on Warrenton Road Synchro 9 Report
KHA Page 1

Movement WBL WBR NBU NBT NBR SBL SBT
Lane Configurations
Volume (vph) 28 9 5 808 12 2 1209
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900
Grade (%) 2% 1% -1%
Total Lost time (s) 5.0 5.0 5.0 6.0 6.0 5.0 6.0
Lane Util. Factor 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 1567 1761 3044 1575 1778 3298
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1752 1567 1761 3044 1575 1778 3298
Peak-hour factor, PHF 0.61 0.75 0.60 0.96 0.38 0.50 0.94
Adj. Flow (vph) 46 12 8 842 32 4 1286
RTOR Reduction (vph) 0 11 0 0 7 0 0
Lane Group Flow (vph) 46 1 8 842 25 4 1286
Heavy Vehicles (%) 2% 2% 2% 18% 2% 2% 10%
Turn Type Prot Prot Prot NA Perm Prot NA
Protected Phases 3 3 1 6 5 2
Permitted Phases 6
Actuated Green, G (s) 8.0 8.0 1.5 107.4 107.4 2.6 108.5
Effective Green, g (s) 10.0 10.0 3.5 109.4 109.4 4.6 110.5
Actuated g/C Ratio 0.07 0.07 0.02 0.78 0.78 0.03 0.79
Clearance Time (s) 7.0 7.0 7.0 8.0 8.0 7.0 8.0
Vehicle Extension (s) 3.0 3.0 3.0 5.0 5.0 3.0 5.0
Lane Grp Cap (vph) 125 111 44 2378 1230 58 2603
v/s Ratio Prot c0.03 0.00 0.00 c0.28 0.00 c0.39
v/s Ratio Perm 0.02
v/c Ratio 0.37 0.01 0.18 0.35 0.02 0.07 0.49
Uniform Delay, d1 62.0 60.4 66.8 4.6 3.4 65.6 5.1
Progression Factor 1.00 1.00 0.80 2.46 2.50 0.83 0.39
Incremental Delay, d2 1.8 0.0 1.9 0.4 0.0 0.4 0.6
Delay (s) 63.8 60.4 55.5 11.8 8.5 54.7 2.6
Level of Service E E E B A D A
Approach Delay (s) 63.1 12.1 2.7
Approach LOS E B A

Intersection Summary
HCM 2000 Control Delay 8.0 HCM 2000 Level of Service A
HCM 2000 Volume to Capacity ratio 0.49
Actuated Cycle Length (s) 140.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 46.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Existing 2015 - PM
1: Warrenton Rd (Rte.17) & Cardinal Forest Drive 11/22/2015

Proposed Grocery Store on Warrenton Road Synchro 9 Report
KHA Page 1

Movement WBL WBR NBU NBT NBR SBL SBT
Lane Configurations
Volume (vph) 19 11 4 1475 56 31 1141
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900
Grade (%) 2% 1% -1%
Total Lost time (s) 5.0 5.0 5.0 6.0 6.0 5.0 6.0
Lane Util. Factor 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 1567 1761 3326 1545 1778 3269
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1752 1567 1761 3326 1545 1778 3269
Peak-hour factor, PHF 0.68 0.55 0.50 0.94 0.76 0.75 0.86
Adj. Flow (vph) 28 20 8 1569 74 41 1327
RTOR Reduction (vph) 0 19 0 0 18 0 0
Lane Group Flow (vph) 28 1 8 1569 56 41 1327
Heavy Vehicles (%) 2% 2% 2% 8% 4% 2% 11%
Turn Type Prot Prot Prot NA Perm Prot NA
Protected Phases 3 3 1 6 5 2
Permitted Phases 6
Actuated Green, G (s) 6.8 6.8 1.6 118.9 118.9 12.3 129.6
Effective Green, g (s) 8.8 8.8 3.6 120.9 120.9 14.3 131.6
Actuated g/C Ratio 0.06 0.06 0.02 0.76 0.76 0.09 0.82
Clearance Time (s) 7.0 7.0 7.0 8.0 8.0 7.0 8.0
Vehicle Extension (s) 3.0 3.0 3.0 5.0 5.0 3.0 5.0
Lane Grp Cap (vph) 96 86 39 2513 1167 158 2688
v/s Ratio Prot c0.02 0.00 0.00 c0.47 0.02 c0.41
v/s Ratio Perm 0.04
v/c Ratio 0.29 0.01 0.21 0.62 0.05 0.26 0.49
Uniform Delay, d1 72.6 71.5 76.8 9.0 5.0 67.9 4.2
Progression Factor 1.00 1.00 1.12 1.82 1.61 0.93 0.44
Incremental Delay, d2 1.7 0.1 2.1 0.9 0.1 0.8 0.6
Delay (s) 74.3 71.6 88.2 17.4 8.0 64.2 2.5
Level of Service E E F B A E A
Approach Delay (s) 73.2 17.3 4.3
Approach LOS E B A

Intersection Summary
HCM 2000 Control Delay 12.4 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 160.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 54.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Existing 2015 - SAT
1: Warrenton Rd (Rte.17) & Cardinal Forest Drive 11/22/2015

Proposed Grocery Store on Warrenton Road Synchro 9 Report
KHA Page 1

Movement WBL WBR NBU NBT NBR SBL SBT
Lane Configurations
Volume (vph) 14 10 3 1005 26 22 927
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900
Grade (%) 2% 1% -1%
Total Lost time (s) 5.0 5.0 5.0 6.0 6.0 5.0 6.0
Lane Util. Factor 1.00 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 1567 1761 3522 1575 1778 3522
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1752 1567 1761 3522 1575 1778 3522
Peak-hour factor, PHF 0.66 0.62 0.62 0.96 0.71 0.69 0.95
Adj. Flow (vph) 21 16 5 1047 37 32 976
RTOR Reduction (vph) 0 15 0 0 9 0 0
Lane Group Flow (vph) 21 1 5 1047 28 32 976
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 3%
Turn Type Prot Prot Prot NA Perm Prot NA
Protected Phases 3 3 1 6 5 2
Permitted Phases 6
Actuated Green, G (s) 5.1 5.1 1.4 120.8 120.8 12.1 131.5
Effective Green, g (s) 7.1 7.1 3.4 122.8 122.8 14.1 133.5
Actuated g/C Ratio 0.04 0.04 0.02 0.77 0.77 0.09 0.83
Clearance Time (s) 7.0 7.0 7.0 8.0 8.0 7.0 8.0
Vehicle Extension (s) 3.0 3.0 3.0 5.0 5.0 3.0 5.0
Lane Grp Cap (vph) 77 69 37 2703 1208 156 2938
v/s Ratio Prot c0.01 0.00 0.00 c0.30 0.02 c0.28
v/s Ratio Perm 0.02
v/c Ratio 0.27 0.01 0.14 0.39 0.02 0.21 0.33
Uniform Delay, d1 74.0 73.1 76.9 6.2 4.4 67.7 3.0
Progression Factor 1.00 1.00 0.81 3.04 4.92 1.15 0.83
Incremental Delay, d2 1.9 0.1 1.6 0.4 0.0 0.6 0.3
Delay (s) 75.9 73.2 63.9 19.1 21.7 78.9 2.8
Level of Service E E E B C E A
Approach Delay (s) 74.7 19.4 5.2
Approach LOS E B A

Intersection Summary
HCM 2000 Control Delay 13.7 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.38
Actuated Cycle Length (s) 160.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 41.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis
1: Warrenton Rd (Rte.17) & Cardinal Forest Drive Background 2018 - AM

Murphy Oil - Stafford  County Synchro 9 Report
KHA Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 34 4 30 30 5 10 96 838 13 2 1262 41
Future Volume (vph) 34 4 30 30 5 10 96 838 13 2 1262 41
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Grade (%) 0% 2% 1% -1%
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 6.0 6.0 5.0 6.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.96 1.00 0.96 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1782 1583 1767 1567 1761 3044 1575 1778 3298 1591
Flt Permitted 0.96 1.00 0.96 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1782 1583 1767 1567 1761 3044 1575 1778 3298 1591
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.96 0.92 0.92 0.94 0.92
Adj. Flow (vph) 37 4 33 33 5 11 104 873 14 2 1343 45
RTOR Reduction (vph) 0 0 28 0 0 10 0 0 4 0 0 14
Lane Group Flow (vph) 0 41 5 0 38 1 104 873 10 2 1343 31
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 18% 2% 2% 10% 2%
Turn Type Split NA pm+ov Split NA Perm Prot NA Perm Prot NA pm+ov
Protected Phases 3 3 1 4 4 1 6 5 2 3
Permitted Phases 3 4 6 2
Actuated Green, G (s) 6.3 19.0 6.2 6.2 12.7 97.5 97.5 1.0 85.8 92.1
Effective Green, g (s) 8.3 23.0 8.2 8.2 14.7 99.5 99.5 3.0 87.8 96.1
Actuated g/C Ratio 0.06 0.16 0.06 0.06 0.10 0.71 0.71 0.02 0.63 0.69
Clearance Time (s) 7.0 7.0 7.0 7.0 7.0 8.0 8.0 7.0 8.0 7.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 5.0 5.0 3.0 5.0 3.0
Lane Grp Cap (vph) 105 260 103 91 184 2163 1119 38 2068 1092
v/s Ratio Prot c0.02 0.00 c0.02 c0.06 0.29 0.00 c0.41 0.00
v/s Ratio Perm 0.00 0.00 0.01 0.02
v/c Ratio 0.39 0.02 0.37 0.01 0.57 0.40 0.01 0.05 0.65 0.03
Uniform Delay, d1 63.4 49.1 63.4 62.1 59.6 8.2 5.9 67.1 16.4 7.0
Progression Factor 1.00 1.00 1.00 1.00 0.82 1.89 1.00 0.80 0.28 0.64
Incremental Delay, d2 2.4 0.0 2.2 0.0 3.8 0.5 0.0 0.5 1.4 0.0
Delay (s) 65.8 49.1 65.6 62.1 52.7 16.0 5.9 53.9 6.0 4.5
Level of Service E D E E D B A D A A
Approach Delay (s) 58.4 64.8 19.7 6.0
Approach LOS E E B A

Intersection Summary
HCM 2000 Control Delay 14.1 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 140.0 Sum of lost time (s) 21.0
Intersection Capacity Utilization 62.3% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis
1: Warrenton Rd (Rte.17) & Cardinal Forest Drive Background 2018 - PM

Murphy Oil - Stafford County Synchro 9 Report
KHA Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 92 7 88 20 7 12 175 1500 59 33 1166 75
Future Volume (vph) 92 7 88 20 7 12 175 1500 59 33 1166 75
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Grade (%) 0% 2% 1% -1%
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 6.0 6.0 5.0 6.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.96 1.00 0.96 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1780 1583 1779 1567 1761 3044 1575 1778 3298 1591
Flt Permitted 0.96 1.00 0.96 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1780 1583 1779 1567 1761 3044 1575 1778 3298 1591
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.96 0.92 0.92 0.94 0.92
Adj. Flow (vph) 100 8 96 22 8 13 190 1562 64 36 1240 82
RTOR Reduction (vph) 0 0 72 0 0 12 0 0 20 0 0 26
Lane Group Flow (vph) 0 108 24 0 30 1 190 1563 44 36 1240 56
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 18% 2% 2% 10% 2%
Turn Type Split NA pm+ov Split NA Perm Prot NA Perm Prot NA pm+ov
Protected Phases 3 3 1 4 4 1 6 5 2 3
Permitted Phases 3 4 6 2
Actuated Green, G (s) 14.2 36.1 4.8 4.8 21.9 107.2 107.2 4.8 90.1 104.3
Effective Green, g (s) 16.2 40.1 6.8 6.8 23.9 109.2 109.2 6.8 92.1 108.3
Actuated g/C Ratio 0.10 0.25 0.04 0.04 0.15 0.68 0.68 0.04 0.58 0.68
Clearance Time (s) 7.0 7.0 7.0 7.0 7.0 8.0 8.0 7.0 8.0 7.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 5.0 5.0 3.0 5.0 3.0
Lane Grp Cap (vph) 180 396 75 66 263 2077 1074 75 1898 1076
v/s Ratio Prot c0.06 0.01 c0.02 0.11 c0.51 0.02 c0.38 0.01
v/s Ratio Perm 0.01 0.00 0.03 0.03
v/c Ratio 0.60 0.06 0.40 0.01 0.72 0.75 0.04 0.48 0.65 0.05
Uniform Delay, d1 68.8 45.6 74.6 73.4 64.9 16.6 8.3 74.9 23.1 8.7
Progression Factor 1.00 1.00 1.00 1.00 0.91 1.03 1.00 0.83 0.58 0.01
Incremental Delay, d2 5.3 0.1 3.5 0.1 9.4 2.6 0.1 4.3 1.6 0.0
Delay (s) 74.1 45.7 78.1 73.4 68.1 19.6 8.4 66.4 14.9 0.1
Level of Service E D E E E B A E B A
Approach Delay (s) 60.7 76.7 24.2 15.4
Approach LOS E E C B

Intersection Summary
HCM 2000 Control Delay 23.6 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 160.0 Sum of lost time (s) 21.0
Intersection Capacity Utilization 71.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis
1: Warrenton Rd (Rte.17) & Cardinal Forest Drive Background 2018 - Mid Day

Murphy Oil - Stafford County Synchro 9 Report
KHA Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 101 15 146 15 15 11 259 1025 28 23 955 90
Future Volume (vph) 101 15 146 15 15 11 259 1025 28 23 955 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Grade (%) 0% 2% 1% -1%
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 6.0 6.0 5.0 6.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.96 1.00 0.98 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1785 1583 1799 1567 1761 3044 1575 1778 3298 1591
Flt Permitted 0.96 1.00 0.98 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1785 1583 1799 1567 1761 3044 1575 1778 3298 1591
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.96 0.92 0.92 0.94 0.92
Adj. Flow (vph) 110 16 159 16 16 12 282 1068 30 25 1016 98
RTOR Reduction (vph) 0 0 93 0 0 11 0 0 10 0 0 37
Lane Group Flow (vph) 0 126 66 0 32 1 282 1068 20 25 1016 61
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 18% 2% 2% 10% 2%
Turn Type Split NA pm+ov Split NA Perm Prot NA Perm Prot NA pm+ov
Protected Phases 3 3 1 4 4 1 6 5 2 3
Permitted Phases 3 4 6 2
Actuated Green, G (s) 16.1 46.9 5.2 5.2 30.8 106.7 106.7 3.0 78.9 95.0
Effective Green, g (s) 18.1 50.9 7.2 7.2 32.8 108.7 108.7 5.0 80.9 99.0
Actuated g/C Ratio 0.11 0.32 0.05 0.05 0.20 0.68 0.68 0.03 0.51 0.62
Clearance Time (s) 7.0 7.0 7.0 7.0 7.0 8.0 8.0 7.0 8.0 7.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 5.0 5.0 3.0 5.0 3.0
Lane Grp Cap (vph) 201 503 80 70 361 2068 1070 55 1667 984
v/s Ratio Prot c0.07 0.03 c0.02 c0.16 0.35 0.01 c0.31 0.01
v/s Ratio Perm 0.01 0.00 0.01 0.03
v/c Ratio 0.63 0.13 0.40 0.01 0.78 0.52 0.02 0.45 0.61 0.06
Uniform Delay, d1 67.7 38.8 74.3 73.0 60.2 12.7 8.3 76.2 28.3 12.1
Progression Factor 1.00 1.00 1.00 1.00 0.87 0.88 1.00 0.83 0.59 0.12
Incremental Delay, d2 6.0 0.1 3.3 0.0 10.4 0.9 0.0 5.1 1.5 0.0
Delay (s) 73.7 38.9 77.6 73.0 62.7 12.0 8.4 68.2 18.3 1.5
Level of Service E D E E E B A E B A
Approach Delay (s) 54.3 76.3 22.3 17.9
Approach LOS D E C B

Intersection Summary
HCM 2000 Control Delay 24.6 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 160.0 Sum of lost time (s) 21.0
Intersection Capacity Utilization 67.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis
1: Warrenton Rd (Rte.17) & Cardinal Forest Drive Total Future 2018 - AM

Murphy Oil - Stafford  County Synchro 9 Report
KHA Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 55 6 53 30 7 10 136 824 13 2 1241 69
Future Volume (vph) 55 6 53 30 7 10 136 824 13 2 1241 69
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Grade (%) 0% 2% 1% -1%
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 6.0 6.0 5.0 6.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.96 1.00 0.96 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1783 1583 1773 1567 1761 3044 1575 1778 3298 1591
Flt Permitted 0.96 1.00 0.96 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1783 1583 1773 1567 1761 3044 1575 1778 3298 1591
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.96 0.92 0.92 0.94 0.92
Adj. Flow (vph) 60 7 58 33 8 11 148 858 14 2 1320 75
RTOR Reduction (vph) 0 0 47 0 0 10 0 0 4 0 0 24
Lane Group Flow (vph) 0 67 11 0 41 1 148 858 10 2 1320 51
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 18% 2% 2% 10% 2%
Turn Type Split NA pm+ov Split NA Perm Prot NA Perm Prot NA pm+ov
Protected Phases 3 3 1 4 4 1 6 5 2 3
Permitted Phases 3 4 6 2
Actuated Green, G (s) 7.7 21.9 6.3 6.3 14.2 96.0 96.0 1.0 82.8 90.5
Effective Green, g (s) 9.7 25.9 8.3 8.3 16.2 98.0 98.0 3.0 84.8 94.5
Actuated g/C Ratio 0.07 0.18 0.06 0.06 0.12 0.70 0.70 0.02 0.61 0.68
Clearance Time (s) 7.0 7.0 7.0 7.0 7.0 8.0 8.0 7.0 8.0 7.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 5.0 5.0 3.0 5.0 3.0
Lane Grp Cap (vph) 123 292 105 92 203 2130 1102 38 1997 1073
v/s Ratio Prot c0.04 0.00 c0.02 c0.08 0.28 0.00 c0.40 0.00
v/s Ratio Perm 0.00 0.00 0.01 0.03
v/c Ratio 0.54 0.04 0.39 0.01 0.73 0.40 0.01 0.05 0.66 0.05
Uniform Delay, d1 63.0 46.8 63.4 62.0 59.8 8.8 6.3 67.1 18.1 7.6
Progression Factor 1.00 1.00 1.00 1.00 0.83 1.84 1.00 0.79 0.27 0.08
Incremental Delay, d2 4.9 0.1 2.4 0.0 11.9 0.5 0.0 0.5 1.5 0.0
Delay (s) 67.9 46.9 65.8 62.0 61.3 16.7 6.4 53.6 6.5 0.7
Level of Service E D E E E B A D A A
Approach Delay (s) 58.1 65.0 23.1 6.2
Approach LOS E E C A

Intersection Summary
HCM 2000 Control Delay 16.5 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 140.0 Sum of lost time (s) 21.0
Intersection Capacity Utilization 65.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis
1: Warrenton Rd (Rte.17) & Cardinal Forest Drive Total Future 2018 - PM

Murphy Oil - Stafford County Synchro 9 Report
KHA Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 111 8 102 20 8 12 209 1486 59 33 1154 92
Future Volume (vph) 111 8 102 20 8 12 209 1486 59 33 1154 92
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Grade (%) 0% 2% 1% -1%
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 6.0 6.0 5.0 6.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.96 1.00 0.97 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1780 1583 1781 1567 1761 3044 1575 1778 3298 1591
Flt Permitted 0.96 1.00 0.97 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1780 1583 1781 1567 1761 3044 1575 1778 3298 1591
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.96 0.92 0.92 0.94 0.92
Adj. Flow (vph) 121 9 111 22 9 13 227 1548 64 36 1228 100
RTOR Reduction (vph) 0 0 81 0 0 12 0 0 21 0 0 33
Lane Group Flow (vph) 0 130 30 0 31 1 227 1548 43 36 1228 67
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 18% 2% 2% 10% 2%
Turn Type Split NA pm+ov Split NA Perm Prot NA Perm Prot NA pm+ov
Protected Phases 3 3 1 4 4 1 6 5 2 3
Permitted Phases 3 4 6 2
Actuated Green, G (s) 15.2 39.1 4.4 4.4 23.9 106.6 106.6 4.8 87.5 102.7
Effective Green, g (s) 17.2 43.1 6.4 6.4 25.9 108.6 108.6 6.8 89.5 106.7
Actuated g/C Ratio 0.11 0.27 0.04 0.04 0.16 0.68 0.68 0.04 0.56 0.67
Clearance Time (s) 7.0 7.0 7.0 7.0 7.0 8.0 8.0 7.0 8.0 7.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 5.0 5.0 3.0 5.0 3.0
Lane Grp Cap (vph) 191 426 71 62 285 2066 1069 75 1844 1060
v/s Ratio Prot c0.07 0.01 c0.02 0.13 c0.51 0.02 c0.37 0.01
v/s Ratio Perm 0.01 0.00 0.03 0.04
v/c Ratio 0.68 0.07 0.44 0.01 0.80 0.75 0.04 0.48 0.67 0.06
Uniform Delay, d1 68.8 43.5 75.0 73.8 64.5 16.8 8.5 74.9 24.8 9.3
Progression Factor 1.00 1.00 1.00 1.00 0.91 1.03 1.00 0.83 0.57 0.01
Incremental Delay, d2 9.6 0.1 4.3 0.1 14.2 2.5 0.1 4.3 1.7 0.0
Delay (s) 78.3 43.6 79.3 73.8 72.6 19.8 8.6 66.3 15.9 0.1
Level of Service E D E E E B A E B A
Approach Delay (s) 62.3 77.7 25.9 16.0
Approach LOS E E C B

Intersection Summary
HCM 2000 Control Delay 25.2 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.73
Actuated Cycle Length (s) 160.0 Sum of lost time (s) 21.0
Intersection Capacity Utilization 71.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis
1: Warrenton Rd (Rte.17) & Cardinal Forest Drive Total Future 2018 - Mid Day

Murphy Oil - Stafford County Synchro 9 Report
KHA Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 133 17 173 15 17 11 315 1003 28 23 932 123
Future Volume (vph) 133 17 173 15 17 11 315 1003 28 23 932 123
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Grade (%) 0% 2% 1% -1%
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 6.0 6.0 5.0 6.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.96 1.00 0.98 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1783 1583 1802 1567 1761 3044 1575 1778 3298 1591
Flt Permitted 0.96 1.00 0.98 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1783 1583 1802 1567 1761 3044 1575 1778 3298 1591
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.96 0.92 0.92 0.94 0.92
Adj. Flow (vph) 145 18 188 16 18 12 342 1045 30 25 991 134
RTOR Reduction (vph) 0 0 88 0 0 12 0 0 10 0 0 54
Lane Group Flow (vph) 0 163 100 0 34 0 342 1045 20 25 991 80
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 18% 2% 2% 10% 2%
Turn Type Split NA pm+ov Split NA Perm Prot NA Perm Prot NA pm+ov
Protected Phases 3 3 1 4 4 1 6 5 2 3
Permitted Phases 3 4 6 2
Actuated Green, G (s) 18.0 52.9 4.5 4.5 34.9 105.5 105.5 3.0 73.6 91.6
Effective Green, g (s) 20.0 56.9 6.5 6.5 36.9 107.5 107.5 5.0 75.6 95.6
Actuated g/C Ratio 0.12 0.36 0.04 0.04 0.23 0.67 0.67 0.03 0.47 0.60
Clearance Time (s) 7.0 7.0 7.0 7.0 7.0 8.0 8.0 7.0 8.0 7.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 5.0 5.0 3.0 5.0 3.0
Lane Grp Cap (vph) 222 562 73 63 406 2045 1058 55 1558 950
v/s Ratio Prot c0.09 0.04 c0.02 c0.19 0.34 0.01 c0.30 0.01
v/s Ratio Perm 0.02 0.00 0.01 0.04
v/c Ratio 0.73 0.18 0.47 0.01 0.84 0.51 0.02 0.45 0.64 0.08
Uniform Delay, d1 67.4 35.5 75.1 73.7 58.8 13.1 8.7 76.2 31.8 13.6
Progression Factor 1.00 1.00 1.00 1.00 0.87 0.88 1.00 0.83 0.62 0.12
Incremental Delay, d2 11.9 0.2 4.6 0.0 14.5 0.9 0.0 5.1 1.7 0.0
Delay (s) 79.3 35.6 79.7 73.7 65.8 12.5 8.8 68.2 21.5 1.6
Level of Service E D E E E B A E C A
Approach Delay (s) 55.9 78.1 25.3 20.2
Approach LOS E E C C

Intersection Summary
HCM 2000 Control Delay 27.8 HCM 2000 Level of Service C
HCM 2000 Volume to Capacity ratio 0.70
Actuated Cycle Length (s) 160.0 Sum of lost time (s) 21.0
Intersection Capacity Utilization 71.5% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



TIS for Murphy Express, Fredericksburg, Virginia (Warrenton Road)│  Traffic Impact Study
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Queuing and Blocking Report Existing 2015 - AM
11/22/2015

Proposed Grocery Store on Warrenton Road SimTraffic Report
KHA Page 1

Intersection: 1: Warrenton Rd (Rte.17) & Cardinal Forest Drive

Movement WB WB NB NB NB NB SB SB
Directions Served L R U T T R L T
Maximum Queue (ft) 81 33 35 206 165 23 21 34
Average Queue (ft) 21 5 4 70 39 2 2 1
95th Queue (ft) 58 21 21 178 121 12 13 15
Link Distance (ft) 788 788 1951 1951 955
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 275 190 510
Storage Blk Time (%) 0
Queuing Penalty (veh) 0



Queuing and Blocking Report Existing 2015 - PM
11/22/2015

Proposed Grocery Store on Warrenton Road SimTraffic Report
KHA Page 1

Intersection: 1: Warrenton Rd (Rte.17) & Cardinal Forest Drive

Movement WB WB NB NB NB NB SB SB SB
Directions Served L R U T T R L T T
Maximum Queue (ft) 71 43 29 330 332 82 99 70 20
Average Queue (ft) 18 8 3 77 68 6 30 7 1
95th Queue (ft) 52 29 18 229 214 47 75 37 9
Link Distance (ft) 788 788 1951 1951 955 955
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 275 190 510
Storage Blk Time (%) 0 1
Queuing Penalty (veh) 0 1



Queuing and Blocking Report Existing 2015 - SAT
11/22/2015

Proposed Grocery Store on Warrenton Road SimTraffic Report
KHA Page 1

Intersection: 1: Warrenton Rd (Rte.17) & Cardinal Forest Drive

Movement WB WB NB NB NB NB SB SB SB
Directions Served L R U T T R L T T
Maximum Queue (ft) 54 46 23 406 319 57 82 35 16
Average Queue (ft) 12 8 2 104 61 4 23 2 1
95th Queue (ft) 39 28 16 296 197 35 60 17 10
Link Distance (ft) 788 788 1951 1951 955 955
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 275 190 510
Storage Blk Time (%) 1 1
Queuing Penalty (veh) 0 0



Queuing and Blocking Report Background 2018 - AM
3/4/2016

Murphy Oil - Stafford  County SimTraffic Report
KHA Page 1

Intersection: 1: Warrenton Rd (Rte.17) & Cardinal Forest Drive

Movement EB EB WB WB NB NB NB NB SB SB SB SB
Directions Served LT R LT R L T T R L T T R
Maximum Queue (ft) 99 52 98 26 181 306 229 12 22 147 130 18
Average Queue (ft) 35 18 33 6 72 117 51 1 2 19 19 1
95th Queue (ft) 80 46 79 21 143 263 156 6 12 86 81 9
Link Distance (ft) 98 98 791 791 413 413 950 950 950
Upstream Blk Time (%) 1 0
Queuing Penalty (veh) 0 1
Storage Bay Dist (ft) 275 190 510
Storage Blk Time (%) 1 0
Queuing Penalty (veh) 1 0

Intersection: 1: Warrenton Rd (Rte.17) & Cardinal Forest Drive

Movement B35 B35
Directions Served T T
Maximum Queue (ft) 48 49
Average Queue (ft) 2 2
95th Queue (ft) 49 50
Link Distance (ft) 509 509
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)



Queuing and Blocking Report Background 2018 - PM
11/22/2015

Murphy Oil - Stafford County SimTraffic Report
KHA Page 1

Intersection: 1: Warrenton Rd (Rte.17) & Cardinal Forest Drive

Movement EB EB WB WB NB NB NB NB SB SB SB SB
Directions Served LT R LT R L T T R L T T R
Maximum Queue (ft) 113 80 82 37 338 410 382 148 90 166 186 38
Average Queue (ft) 80 31 28 8 165 228 168 13 33 89 95 4
95th Queue (ft) 124 59 66 28 278 382 348 93 76 155 166 19
Link Distance (ft) 98 98 791 791 415 415 950 950 950
Upstream Blk Time (%) 14 0 0 0 0
Queuing Penalty (veh) 13 0 0 3 0
Storage Bay Dist (ft) 275 190 510
Storage Blk Time (%) 2 4 4
Queuing Penalty (veh) 14 8 2



Queuing and Blocking Report Background 2018 - Mid Day
11/22/2015

Murphy Oil - Stafford County SimTraffic Report
KHA Page 1

Intersection: 1: Warrenton Rd (Rte.17) & Cardinal Forest Drive

Movement EB EB WB WB NB NB NB NB SB SB SB SB
Directions Served LT R LT R L T T R L T T R
Maximum Queue (ft) 113 78 92 30 340 382 318 47 72 197 209 30
Average Queue (ft) 86 37 30 6 207 185 91 3 21 73 80 5
95th Queue (ft) 125 66 71 23 319 348 225 31 54 155 168 20
Link Distance (ft) 98 98 791 791 413 413 950 950 950
Upstream Blk Time (%) 18 0 0 0
Queuing Penalty (veh) 24 0 3 0
Storage Bay Dist (ft) 275 190 510
Storage Blk Time (%) 5 2 1
Queuing Penalty (veh) 28 6 0



Queuing and Blocking Report Total Future 2018 - AM
3/4/2016

Murphy Oil - Stafford  County SimTraffic Report
KHA Page 1

Intersection: 1: Warrenton Rd (Rte.17) & Cardinal Forest Drive

Movement EB EB WB WB NB NB NB NB SB SB SB SB
Directions Served LT R LT R L T T R L T T R
Maximum Queue (ft) 108 55 91 26 242 301 232 10 17 89 86 21
Average Queue (ft) 54 25 33 6 116 140 52 1 1 15 13 2
95th Queue (ft) 103 51 75 21 205 284 150 6 7 55 52 11
Link Distance (ft) 98 98 791 791 413 413 950 950 950
Upstream Blk Time (%) 4 0
Queuing Penalty (veh) 2 0
Storage Bay Dist (ft) 275 190 510
Storage Blk Time (%) 0 1 0
Queuing Penalty (veh) 0 1 0



Queuing and Blocking Report Total Future 2018 - PM
3/4/2016

Murphy Oil - Stafford County SimTraffic Report
KHA Page 1

Intersection: 1: Warrenton Rd (Rte.17) & Cardinal Forest Drive

Movement EB EB WB WB NB NB NB NB SB SB SB SB
Directions Served LT R LT R L T T R L T T R
Maximum Queue (ft) 114 65 88 26 346 415 388 191 97 210 200 30
Average Queue (ft) 90 32 30 6 199 247 185 12 34 87 94 4
95th Queue (ft) 130 58 70 21 320 397 356 89 80 164 169 18
Link Distance (ft) 98 98 791 791 414 414 950 950 950
Upstream Blk Time (%) 23 0 1 0
Queuing Penalty (veh) 25 0 7 1
Storage Bay Dist (ft) 275 190 510
Storage Blk Time (%) 5 5 5
Queuing Penalty (veh) 40 11 3

Intersection: 1: Warrenton Rd (Rte.17) & Cardinal Forest Drive

Movement B35
Directions Served T
Maximum Queue (ft) 56
Average Queue (ft) 2
95th Queue (ft) 58
Link Distance (ft) 509
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)



Queuing and Blocking Report Total Future 2018 - Mid Day
11/22/2015

Murphy Oil - Stafford County SimTraffic Report
KHA Page 1

Intersection: 1: Warrenton Rd (Rte.17) & Cardinal Forest Drive

Movement EB EB WB WB NB NB NB NB SB SB SB SB
Directions Served LT R LT R L T T R L T T R
Maximum Queue (ft) 115 90 99 26 408 456 408 24 78 217 222 54
Average Queue (ft) 102 38 32 7 320 327 120 2 24 99 109 14
95th Queue (ft) 125 72 76 23 460 535 321 10 61 189 200 40
Link Distance (ft) 98 98 791 791 414 414 950 950 950
Upstream Blk Time (%) 44 0 6 18 0
Queuing Penalty (veh) 72 0 0 124 2
Storage Bay Dist (ft) 275 190 510
Storage Blk Time (%) 39 8 1
Queuing Penalty (veh) 198 25 0



APPENDIX TIS for Murphy Express, Fredericksburg, Virginia (Warrenton Road)│  Traffic Impact Study
March 30, 2016

APPENDIX G

Background Development Trip
Assignments
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